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谱图像压缩中的应用，实现了改进式 KL 变换/整数小波变换/SPIHT 
（KLT/IWT/SPIHT）压缩算法。利用高光谱图像特性，提出了等间隔分谱段的改
进式 KL 变换/整数小波变换/SPIHT（32-PKLT/IWT/SPIHT）压缩算法和自适应分
谱段的改进式 KL 变换/整数小波变换/SPIHT（Auto-adapt PKLT/IWT/SPIHT）压
缩算法。为了对比以上三种算法的压缩性能，实现了三维整数小波变换/三维
SPIHT（3D IWT/3D SPIHT）压缩算法。本文主要进行了以下几个方面的工作： 
首先，介绍高光谱数据压缩中的变换和编码方法。主要介绍了 KL 变换、第
二代小波变换和基于小波的编码方法，并提出改进式 KL 变换/整数小波变换
/SPIHT 压缩算法。该算法先用改进式 KL 变换进行高光谱图像的谱冗余的去除，






压缩算法、Auto-adapt PKLT/IWT/SPIHT 压缩算法和 3D IWT/3D SPIHT 压缩算法。
以上四种算法在不同比特率情况下，对 16bit 无符号的高光谱图像
（128*128*224）进行压缩性能和算法运行时间的对比。 
本文的实验结果表明在比特率大于 0.8bpp 的情况下，Auto-adapt 







































There is very abundant spatial and spectral information in the three dimension 
hyperspectral data. With the technical development of information processing, the 
spectral band numbers of the imaging spectrometer have been increased and the 
spectral resolution of the object has been improved. The hyperspectral data has been 
playing an important role in the application of the remote sensing. 
In this dissertation, the application of KL transformation and wavelet 
transformation to hyperspectral images compression is studied based on analyzing the 
characteristic of the hyperspectral images. The algorithm of the advanced 
KLT/IWT/SPIHT is implemented in the dissertation. Used the characteristic the 
hyperspectral images, the algorithms of the 32-PKLT/IWT/SPIHT and the Auto-adapt 
PKLT/IWT/SPIHT are proposed. In order to compare with the performance of the 
compression methods mentioned above, the 3D IWT/3D SPIHT is realized. The main 
research work is followed: 
Firstly, the transformation methods and encoding methods are introduced. KL 
transformation, the second generation wavelet transformation and the encoding 
methods based on the wavelet transformation is presented. Then the compression 
algorithm of the advanced KL transformation/integer wavelet transformation/SPIHT 
(KLT/IWT/SPIHT) is proposed. The advanced KLT is used to remove the spectral 
redundancy of the hyperspectral images at first. Then the 9/7 IWT is used to eliminate 
the spatial redundancy of the hyperspectral images. At last, the SPIHT method is used 
to compress the hyperspectral data after KLT and IWT. 
Secondly, through the analysis of the characteristic of the hyperspectral images, 
it is found the hyperspectral image has weaker spatial correlation and stronger spectral 
correlation. It is proposed that the spectral redundancy should be eliminated in the 
compression of the hyperspectral images. 
Finally, combined with the conclusion of the characteristic the hyperspectral 
images, the equal spectral band partition or the auto-adapt spectral band partition 















advanced KLT/IWT/SPIHT, 32-PKLT/IWT/SPIHT, the Auto-adapt PKLT/IWT 
/SPIHT and the 3d IWT/3d SPIHT are designed. The four algorithms mentioned 
above has been compared in the compression performance and the computing time 
under the different bit ratios, with the hyperspectral cube of 128 columns by 128 rows 
by 224 bands which is treated as the 16-bit unsigned data. 
The experiment results show that when the bit ratio is greater than 0.8bpp, the 
performance of the Auto-adapt advanced KLT/IWT/SPIHT algorithm is outperformed 
the others, while the 3d IWT/3d SPIHT algorithm can be run faster than the others. 
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遥感是 20 世纪 60 年代发展起来的对地观测综合性技术，是指通过某种装
置，不直接接触被研究目标、区域或现象来获取其有关数据，并对所获取的数据
进行分析，从而得到所需要信息的一种科学和技术[3]。 
美国在 1972 年 7 月 23 日发射了第一颗地球资源卫星（ERTS-1），后改名为
陆地卫星（Landset），星上载有 MSS 多光谱扫描仪和 RBV 多光谱电视摄影仪两
种传感器系统，空间分辨率 80m，是一颗遥感专用卫星，被称为遥感技术发展的
第一个里程碑[4]。1982 年美国发射的陆地卫星 4 号（Landset-4）上装载的 TM 专
题制图仪，将光谱段从 MSS4 个波段增加到 7 个波段，空间分辨率提高到 30m。
1986年法国发射的Spot卫星上装载的HRV线阵列推扫式成像仪将空间分辨率提
高到 10m，被称为第二代遥感卫星。第三代遥感卫星，1konos 卫星上遥感传感
器空间分辨率达到 1m，Quick bird 卫星达到 0.61m[4]。1999 年末第一台中分辨率













































































































Hoffman 和 Johnson 首先在光谱图像的谱间上利用经验正交函数 EOF（Empirical 
Orthogonal Functions）（也称离散 KL 变换）来去除谱间相关性，然后在空间域对
每个谱间内的 EOF 残余误差通过去相关等方法继续压缩[12]。KL 变换的主要缺点
是，每次变换的基函数均需要计算与原始数据相关的协方差矩阵、本征值和本征
矢量，运算量大，时间消耗大。往往利用 DCT 变换来替代 KL 变换，以实现谱
间的去相关，而利用 DCT 的主要优点是其基函数固定不变，不用考虑原始数据
图像，例如，Abousleman 研究了两种基于 DCT 的高光谱图像压缩方案[13]，一种
是先利用二维 DCT 对原始图像数据进行变换，然后利用格状编码量化（Trellis 
Coded Quantization）对变换系数进行编码；另一种是先利用 DPCM 对谱间去相
关，然后用二维 DCT 方案来实现空间去相关，而 DCT 变换的主要缺点是，谱间
去相关的效率相对 KL 变换要低，而且会引起块效应。为了加快 KL 变换的速度，
文献[14]又提出了一种 KL 变换方法的改进。该方法通过对 KL 变换后的本征值和
本征矢量的研究，提出取前两个本征子图像进行重建的改进 KL 变换，该方法获
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